Safe emptying and disposal of fecal sludge from pit latrines in rural areas has become a priority for the Government of Bangladesh. In this paper, we calculate the volume and characterize the hazards of managing sludge to identify technologies for safely emptying rural single pits. In Bhaluka subdistrict, an estimated 15,000 m 3 of sludge is produced annually. Physical, chemical, and microbial analysis of samples of sludge taken from pit latrines indicate that the sludge has a high moisture content of around 90%, a C:N ration of 10:1, and a helminth presence of 41 eggs/g. In a field test of alternative emptying technologies, simple pumps such as the gulper emerged as feasible for use in rural areas, due to the liquid nature of the sludge, narrow roads, and limited incomes of rural households. The results suggest that current practices of emptying liquid sludge manually without any protective equipment poses risks to those who handle sludge, and the process needs to be semimechanized with immediate effect. These results are being used by the Bangladesh government to design policy for sludge management. In the near future, an organized service that safely empties single pits and transports sludge for treatment needs to be urgently designed.
INTRODUCTION
Current practices for emptying pits include the use of simple tools such as buckets, spades and ropes. Pits are emptied manually using a bucket. Pit emptiers often do not use any protective equipment while emptying pits; they use neither gloves nor other hand protection, and often disrobe to prevent their clothes from being soiled. Working in groups of 2-3, one emptier often climbs into the pit to empty it, while other(s) pass filled buckets to empty the contents nearby. Figure 1 shows the types of tools that are used.
This emptying practice brings pit emptiers into close contact with fecal sludge, and requires an immediate solution.
To identify appropriate technologies for emptying pit latrines, it is necessary to first assess the volume of sludge that needs to be transported annually, which is based on the numbers of pits and their frequency of filling. Second, the exact nature of the hazardous materials to be emptied needs to be characterized in order to identify appropriate strategies to reduce risks to those who would handle sludge. Finally, appropriate, locally available technologies for safer emptying of pits need to be identified. We examine these three factors for one subdistrict in Bangladesh. The subdistrict is envisioned by the NCFSM as the scale at which services would be designed.
METHODS
We designed and carried out the study in Bhaluka subdistrict, which lies in Mymensingh district ( Figure 2 ). The Census of 2011 records 91,547 households in rural Bhaluka;
the average household has approximately four people (Ministry of Planning ). Ninety-two percent of all households use a latrine, with 67% of the households having access to a sanitary latrine, often a pit latrine (Ministry of Planning ). Bhaluka subdistrict is broadly representative of a rural district that is not affected by groundwater salinity.
Calculating volume of fecal sludge produced annually
To determine the volume of fecal sludge that needs to be transported, the performance of a sample of latrines was studied. Data on the performance of 30 pits was used as the basis for estimating sludge accumulation rates. First, data from six single pit latrines was collected during June 2014 in Bhaluka. A two-stage selection process was used: first, six unions within the subdistrict were selected, and then one household with a pit latrine in each of the selected unions.
The budget for studying pits was modest, consequently unions within Bhaluka were purposively selected on the basis of known geology, to provide some variation in the quality of sludge. Households were purposively selected because Table 1 provides a summary of the pits from which data and samples were collected.
From each of the thirty pit owners, information on the number of regular users of the pit and the last time the pit was emptied was elicited. Then the pit was opened, and the height of the sludge and depth and diameter of the pit were measured.
Additionally, information on pit latrine depth and age was collect from BRAC which, between 2006 and 2014, was responsible for installing 9000 single pit latrines in Bhaluka.
Sampling and testing fecal sludge
To characterize the hazards associated with handling fecal sludge, samples were collected from all of the sampled pit We chose to empty pits that were close to being full in 
RESULTS AND DISCUSSION
Volume of fecal sludge to be transported Inspection of the 30 pits revealed that many have some additional depth available for sludge storage below the lowest ring. We assumed this depth to be 0.50 m in most cases. We also assumed that households would tend to empty their pits when the contents reached to within a half-ring height of the top of the pit. Using these assumptions and data on pit depth from BRAC, this gives an average capacity per latrine pit of 733 L.
From the Census of 2011 we know that the average size of the household is around four persons. Assuming that the mid-point estimate of sludge accumulation (40 L/person/ year) applies across our sample means that pits will fill up on average once in 3.68 years (three years and eight months). The total number of pits that would therefore need to be emptied in Bhaluka is 20,760 and the total volume of sludge to be emptied each year is just over 15 million liters (15,000 m 3 ).
It is worth considering how these results convert to the national level. Taking into account the fact that at least 40 million rural people have started using single pit latrines in the past ten years, there may be as many as eight million relatively new single pit latrines in rural Bangladesh. A conservative estimate therefore suggests that as many as two million pit latrines will need to be emptied annually, and this would be associated with a volume of sludge of 1,466 million liters (1.46 million m 3 ).
Risks with handling fecal matter
The resulting mean physical, chemical and microbiological characteristics of fecal sludge samples are reported in Tables 2 and 3 . Typical moisture content is high at 90%, confirming that most pits contain relatively heavy wet sludge.
On average, the carbon to nitrogen ratio found in fecal sludge samples is (10:1). The results reported in Tables 2   and 3 Microbiological characteristics reported in Table 3 confirmed the challenge in handling fecal sludge. In particular, the prevalence of helminth eggs is a concern. One particular fecal sludge sample from Senbagh had the highest number of helminth eggs (511 eggs/g), which had a strong influence on reported mean values. The values fall within the range In each district, a one-time sample was drawn from each of six pits. In each case, prior to laboratory testing a composite sample was created by mixing samples taken from the bottom, middle and top of each pit. Percentages by weight and masses were calculated after drying.
Source: Authors' data.
quoted in previous research (Strauss et al. ) . The variability in helminth eggs is likely to have an impact on the risks faced by those who handle sludge, as well as the costs of treating it before disposal or re-use.
Feasibility of pumps
The experts interviewed through the online survey were unanimous in suggesting that completely mechanized processes such as the Vacutug were not likely to be viable in Bangladesh (Opel & Bashar ) . With narrow roads and latrines often located in the interiors of villages far from roads, vacuum trucks would not be able to access pits for emptying. Semi-mechanized processes were considered more viable due to having lower risks than manual processes and lower costs than a completely mechanized process. Four pumps, gulper, diaphragm, diesel, and electric, emerged as popular options for testing ( Figure 3 ). The first two pumps do not require fuel, the last two do. prepare and empty the pit. The charges levied on households would be lower, and are comparable to those that households in the study whose pits were emptied were reported to be currently paying for manual emptying.
Finally, it is unlikely to damage the pit latrine sub-structure or toilet superstructure.
CONCLUSIONS
Bhaluka is characterized by high rates of access to latrines, and it is estimated that 15 million liters of sludge is generated annually. This sludge has a high water content and high levels of helminth eggs and fecal coliforms. Current emptying practices involve using simple tools and bare hands. This poses risks to those who handle sludge.
An organized service for emptying should incorporate into its design the use of pumps for minimizing risks to those who handle sludge. Given the nature of the sludge and the manner in which pit emptiers dispose of sludge from pits currently, introducing the use of protective personal equipment that reduces skin contact with sludge could be a first step. Additionally, the liquid nature of the sludge renders the use of a pump for emptying a feasible technical solution. A field test of a few options was carried out in the field in 2014 where a diesel, electric and non-fuel based pumps (gulper and diaphragm) were used to empty pits. Despite its higher purchasing costs, the diaphragm emerged as the more feasible option as it has no fuel costs, is light in weight, can be operated by one person, can serve a variety of pit depths, and minimizes spillage of sludge.
The characteristics of sludge, and current methods for its emptying, motivate the need for a service introducing safe practices for handling sludge. In addition, current methods of disposing of sludge also suggest that the transportation of emptied sludge needs to be urgently considered. This is displayed in Balasubramanya et al.
(a, b), companion papers to this paper.
The current practice of emptying pit latrines poses a significant risk to those who handle the sludge. However, simple technologies such as the use of a pump can reduce exposure to pathogens. These aspects need to be incorporated into any sludge management system.
Finally, any solution around sludge management will involve designing service delivery models that transport sludge for treatment and disposal. To design a robust and sustainable model, the costs of service delivery, the nature and size of equipment and labor needed, and the ability of the government and households to contribute to the financing of such a system needs to be understood. This is explored further in Balasubramanya et al. (b) , which is in review, using data and results presented in this current paper.
